Florfenicol, a broad-spectrum antibiotic, is being developed for veterinary application as an oral concentrate intended for dilution with drinking water. When a drug product is dosed via drinking water in a farm setting, a number of variables, including pH, chlorine content, hardness of the water used for dilution, and container material, may affect its stability, leading to a decrease in drug potency. The stability of florfenicol after dilution of Florfenicol Drinking Water Concentrate Oral Solution, 23 mg/mL, with drinking water was studied. A stability-indicating, validated liquid chromatographic method was used to evaluate florfenicol stability at 25°C at 5, 10, and 24 h after dilution. The results indicate that florfenicol is stable under a range of simulated field conditions, including various pipe materials and conditions of hard or soft and chlorinated or nonchlorinated water at low or high pH. Significant degradation (>10%) was observed only for isolated combinations in galvanized pipes. Analysis indicated that the florfenicol concentration in 8 of the 12 water samples stored in galvanized pipes remained above 90% of the initial concentration (100 mg/L) for 24 h after dilution. F lorfenicol (Figure 1 ), a member of the phenicol class of antibiotics, is a broad-spectrum antibiotic that is a structural analog of chloramphenicol and thiamphenicol. This class of bacteriostatic antibiotics acts by binding to bacterial ribosomal subunits, which leads to inhibition of peptidyl transferase, an enzyme necessary for protein synthesis (1, 2). Florfenicol is structurally different from thiamphenicol as a result of the substitution of a fluorine atom in place of a hydroxyl group. This structural alteration imparts a broader antibacterial spectrum to florfenicol, and the bacterial resistance due to the enzyme chloramphenicol-acetyl-transferase is eliminated. Florfenicol is effective against both aerobic and anaerobic bacteria and has been demonstrated to be active against Haemophilus somnus, Pasteurella haemolytica, and P. multocida (3). Florfenicol is also active against a number of Gram-negative and -positive bacteria including Escherichia coli, Klebsiella spp., Pasteurella spp., Streptococcus dysgalactiae, Staphylococcus aureus, and Streptococcus uberis (4). Florfenicol is used solely for veterinary purposes and has been approved for treatment of bacterial pneumonia and pododermatitis in cattle, pneumonia in swine, and furunculosis in salmon (5). A pharmaceutically stable concentrate of florfenicol has been approved for addition to the drinking water of swine. The formulation, which contains florfenicol at 23 mg/mL in a solvent vehicle, is intended for dilution with drinking water. When dosed at a concentration of 100 mg/L in drinking water, the product has been shown to be effective in the control of broiler chicken mortality caused by E. coli airsacculitis (unpublished data) and in the control of swine respiratory diseases associated with Actinobacillus pleuropneumonia, P. multocida, Mycoplasma hyopneumoniae, Salmonella cholerasuis, and Streptococcus suis Type II (6).
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The present study examined the stability of florfenicol when the concentrate was diluted with various types of water. The variables selected were pH, water hardness, extent of chlorination, as well as container material. These variables were selected to simulate a variety of in-use conditions that florfenicol would potentially be exposed to under field conditions. Several methods for the chromatographic determination of florfenicol have been reported. Florfenicol has been determined in milk by gas chromatography (7) as well as by liquid chromatography (LC; F. Schenk et al., U.S. Food and Drug Administration, personal communication, 2000). Others have reported LC methods for the determination of florfenicol in shrimp tissues (8) and sediment (9) . The procedure reported here is an LC method that accurately and precisely quantifies florfenicol in water directly with little or no sample preparation. The method also separates potential degradation products of florfenicol to allow qualitative evaluation of degradation, although quantification of these compounds was not validated. 
METHOD

Apparatus
Stability Study Protocol
The protocol, shown in Table 1 , used a full 3´2´32 factorial experimental design to account for all 36 combinations of pipe type (3 levels), calcium (2 levels), chlorine (3 levels), and pH (2 levels) with SAS Proc Factex (SAS and SAS/QC Software, version 6.12, ts 060, Cary, NC). The laboratory constraint for a block size of 3 combinations was d-optimized by using SAS Proc Optex. An index of the randomized experiments is presented in Table 2 .
Drinking water was obtained from wells at the Schering-Plough Animal Health Research Center (Elkhorn, NE). Two lots of water (20 L each) were collected; one lot was soft water (<75 ppm calcium carbonate equivalents, obtained through a reverse-osmosis process); the other was hard water (>150 ppm calcium carbonate equivalents). Before delivery, Midwest Laboratories, Inc. (Omaha, NE) and U.S. Filter (Rockford, IL) analyzed samples of the water to verify hardness and other characteristics.
Sodium hypochlorite, 4% (w/v), was added to the water to obtain chlorination levels representative of amounts present in field water. A chlorine pocket colorimeter was used to measure water chlorine levels.
The medicated drinking water was prepared gravimetrically by using the commercial formulation, a 23 mg/mL solution of florfenicol in a solvent vehicle. To simulate bulk water storage and transportation under field conditions, the prepared water samples were placed in containers representing pipe materials, including rusty carbon steel, galvanized steel, and polyvinylchloride (PVC). Sections of metal pipe, 10 in.´2 in. id, were constructed with one end threaded, capped, and sealed with Teflon tape and the other end capped with a rubber closure held in place with a large hose clamp. The PVC pipes were simulated by using PVC bottles with screw caps (Nalgene). The containers were removed from the incubator (25°C) at specified time periods (initially and 5, 10, and 24 h after filling) and opened, and the water was stirred thoroughly. Two samples were drawn from each container and passed through a 0.45 mm syringe filter directly into LC autosampler vials. The preparation of each medicated water was scheduled so that samples could be withdrawn and delivered to the laboratory for analysis within 10 min of sampling.
Analysis
Samples were injected directly into the liquid chromatograph, without further preparation, under the following operating conditions: column temperature, 30°C; UV detector wavelength, 224 nm; injection volume, 25 mL; total run Figure 2 ). The concentration of florfenicol in each water sample was calculated versus the average response factor of the standards bracketing the sample.
Results and Discussion
Validation of the LC Method
Validation parameters included repeatability, linearity, and accuracy over a range of 0.05-0.2 mg/mL and determination of detection and quantitation limits. The intended medication level is 400 mg/gal (approximately 0.1 mg/mL). The validated range of the method is 200-800 mg/gal (approximately 0.05-0.2 mg/mL). Accuracy was demonstrated at 5 levels over this range, as presented in Table 3 earity over this range was >0.9999. Repeatability, assessed by using 6 determinations at the nominal test concentration of 0.1 mg/mL, was 0.06% (Table 4 ). The detection and quantitation limits were determined to be 0.1 mg/mL (0.4 mg/gal) and 0.2 mg/mL (0.8 mg/gal), respectively, based on a peak signal-to-noise ratio of >3 for the detection limit and >10 for the quantitation limit. The ability of the method to separate 4 known degradation products of florfenicol (Figure 1 ) was demonstrated by injection of standards (chromatogram shown in Figure 3 ). Standard and sample chromatograms are presented in Figure 2 .
System suitability criteria based on the typical performance of the method were established for injection precision, peak tailing, and resolution of florfenicol and monochloroflorfenicol.
Analysis of Medicated Water Samples
The results of the analyses of the medicated water samples are presented in Tables 5-7 Figure 4 shows the plots of concentration versus time for this variable. The florfenicol concentration in samples stored in plastic pipes (Table 5) did not change significantly during the 24 h following preparation. Samples that were stored in rusty carbon steel pipes (Table 6) showed limited florfenicol degradation, with only one combination as low as 90% after 24 h (Experiment 15). For galvanized pipes, some assay results demonstrated a decrease in assay level (Table 7). Of the 12 combinations of calcium, chlorine, and pH, only 4 resulted in assay levels of £90% of the initial florfenicol concentration at 24 h (Experiments 9, 11, 12, and 14). One combination resulted in an assay level of <90% at 10 h (Experiment 14).
(b) Water hardness.-The plots showing florfenicol concentration versus time are shown in Figure 5 . In soft water, of the 18 combinations of pipes, chlorine, and pH, some assay results demonstrated a decrease in assay level, but only 3 resulted in assay levels of £90% of the initial florfenicol concentration at 24 h (Experiments 12, 14, and 15). One combination also resulted in an assay level of <90% at 10 h (Experiment 14).
In hard water, of the 18 combinations of pipe, chlorine, and pH, only 2 resulted in assay values of £90% at 24 h (Experiments 9 and 11).
(c) Chlorination.- Figure 6 shows the plots of concentration versus time. There was no direct correlation between chlorine levels and degradation of florfenicol. In the absence of chlorine, only 2 of the 12 combinations of pipe, calcium, and pH resulted in assay values of £90% of the initial florfenicol concentration at 24 h (Experiments 9 and 15). With a chlorine level of 0.1 ppm, only one of the 12 combinations of pipe, calcium, and pH resulted in an assay level of <90% at 24 h (Experiment 11).
With a chlorine level of 0.5 ppm, only 2 of the 12 combinations of pipe, calcium, and pH resulted in assay values of <90% at 24 h (Experiments 12 and 14). One combination also resulted in an assay level of 90% of the initial florfenicol concetration at 10 h (Experiment 14).
(d) pH.- Figure 7 compares the effect of pH on florfenicol concentration. For acidic (pH 6.5) samples, 3 of the 18 combinations of pipe, calcium, and chlorine resulted in assay levels of £90% at 24 h (Experiments 11, 14, and 15). One combination also resulted in an assay level of <90% of the initial florfenicol concentration at 10 h (Experiment 14). For alkaline (pH 8.5) samples, only 2 of the 18 combinations of pipe, calcium, and chlorine resulted in assay levels £90% at 24 h (Experiments 9 and 12).
Evaluation of Florfenicol Degradation
Evaluation of the chromatograms showed that the primary degradation product was monochloroflorfenicol, a known degradation product and metabolite, likely formed by reductive dehalogenation in the presence of zinc. Another known degradation product, thiamphenicol, was also found in minor amounts.
Statistical Analysis
All main effects (pipe, calcium, chlorine, pH) and the block effect were classified as fixed effects, i.e., the inference space was limited to these levels of these variables. Only main effects and their 2-way interactions were evaluated in the statistical model; higher-order interactions were pooled to create the residual error. Analysis was by a general linear model analysis of variance (SAS/Stat Proc GLM, version 6.12, ts 060). Each time point (5, 10, and 24 h) was evaluated separately.
The statistical analysis demonstrated that only the variations in the pipe type (plastic, galvanized, or carbon steel) demonstrated preliminary (0.05 < P < 0.10) statistical differences at 5, 10, and 24 h. No statistical 2-way interactions were demonstrated between any of the 4 variables: pipe type, cal- 
Conclusions
The procedure allows accurate determination of florfenicol in samples of medicated water over a range of 50-200% of the intended final concentration. If required, samples may be diluted before analysis for quantification at higher levels. The method is specific, and stability indicating for florfenicol and also separates each of the 4 known degradation products from each other to allow for evaluation of the degradation products of florfenicol.
Aqueous solutions of florfenicol have been shown to be stable under a variety of simulated field conditions, including various pipe materials and conditions of hard or soft and chlorinated or nonchlorinated water at low or high pH. The statistical analysis demonstrated that only the variations in the pipe type (plastic, galvanized, or carbon steel) showed preliminary (0.05 < P < 0.10) statistical differences at 5, 10, and 24 h after dilution. No statistical 2-way interactions were demonstrated between any of the 4 variables: pipe type, calcium level (hard or soft water), chlorine level (0, 0.1, or 0.5 ppm), or pH (6.5 or 8.5). 
